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Dear  Mr.  Dostert- -- 
/ 

This is the  first  time  submitting  anythmg  to  the FAA so please  bear  with  me.  My  companies 
manufacture  and  sell  propane  Safe*T*Cylinders@  with  Safe*T*Foil@  inside  them. A 
Safe*T*Cylinder@  is  an  explosion  resistant  fork lift cylinder.  Over  the  years  we  were  able  to 
purchase  the  patents  and  develop  a  couple of extra  ones  on  our own. 

The  rest  of my presentation  explains  how  our  geometrically  expanded  aluminum  mesh,  passivc, 
B.L.E.V.E explosion  reduction  system  works, how it may  help  with  Docket No. FAA-1 999-64 1 1, 
and  the  advantages this system  may  have  over  inert gasses and foam. 

Again,  if this is  not in the  form  you  are  accustomed  to  please  accept  my  apologies in advance. I 
really  hope  that  your  work with explosion  technology can help  people  stay  alive.  I am a firm 
believer  that  pure  science  is  good  and  what is invented in one  field  many  times  has  applications in 
another area. Thissmay  be  the  case  with  Safe*T*Foil@. 

Thank you in advance  for  your  consideration of my ideas. 

*G&ige W. Kuhn 
President 
GWK:ps 
cc:  In  duplicate 
cf:  c:\dd\faa\dostert 1 .doc 
encls.  Information  about  Safe*T*Foil@ 

Post  Office  Box 16 Germantown,  Ohio  45327-0016 (937) 855-208 I Fax (937) 855-2079 (800) 55 1-3341 
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How Safe*T*Foil@  Can  Prevent  Ignition  Sources From Being Present 
in  Fuel  Tanks  When Failure  Conditions  Exist 

Safe*T*Foil@  simply  prevents  a  flame  front from forming.  The  mesh  creates  thousands, 
even  millions  of  tiny  little  fuel  tanks.  In a flammable  vapor  the  Safe*T*Foil does not  allow 
the proper  requirements  for  an  explosion to form  thereby  preventing  them. 

You fill the fuel  tank  with  Safe*T*Foil@  and  as  the  liquid  fuel  is  used  and  vapors  form  the 
vapors are automatically in space  that  is  filled  with  Safe*T*Foil@  and  if an ignition  source 
is  present  the  vapors do not  explode  because  of  the  foil. 

Maintenance Considerations of Fuel  Tanks Containing Safe*T*Foil@ 

Maintenance  of  Safe*T*Foil@  as  it  is  currently  used in Safe*T*Cylinders@  is  none.  In  an 
aircraft he1 tank  situation it  is my understanding  that  there are electrical  lines,  hydraulic 
lines,  and other items  passing  through  the  fuel  tanks  and  that these need to be  inspected 
periodically. 

Safe*T*Foil@  can  be in many  shapes,  sizes  and/or  configurations.  You  can  have  a  solid 
non-removal  bat.  You  can  have  ball  shapes.  You  can  have  cigar  shapes.  If  however,  the 
solid  Safe*T*Foil@  forms  were  made in different  sizes  and/or  shapes  they  could  have  wire 
handles  on  them  and  be  color  coded in such  a  way  that  they  could  be  removed for 
inspections  when  needed  and  then  put  back in when  the  inspection  is  done. 

On new  aircraft the design of the fuel  tanks  could  be  improved so that  not  as  many of the 
Safe*T*Foil@  forms  would  have to be  removed  each  time or even  at  all. 

How Safe*T*Foil@  Minimizes the Development  of  Flammable  Vapors  in  Fuel Tanks 

With  Safe*T*Foil@ the minimization  of  the  development  of  flammable vapors in fuel tanks 
is just like  the  first  requirement  only  stated in a  different  manner.  The  ignition sources can 
be there but the Sources are rendered  harmless  be  cause  the  ignition  source  can't make the 
vapors explode. In this  requirement  the  flammable  vapors  can  be in the tanks but the 
Safe*T*Foil@  prevents the vapors  from  exploding. 

Environmental  Concerns 

Aluminum is already  used  extensively in aircraft  and the increased  manufacture of 
aluminum  would  not  have much of an  impact.  Safe*T*Foil@ takes up  between 2 and 3% 
of an the volume in a  tank  but  doesn't  really  affect  the  fuel  efficiency.  Safe*T*Foil@ does 
not  retain  any of the he1 so this is not  a  concern.  There is a  weight factor to be 
considered  that  would  make he1 consumption  greater  because the aircraft  would being 
heavier.  This  would  have to be  computed by your  engineers  because I have  no readily 
available  means of performing  these  calculations. 



Energy  Concerns 

As per  above the take-off weight  of  the  aircraft  would  be  heavier  and therefore would  use 
more  fuel.  This  will  have to be  a  decision  made  by the  FAA  on  which  method  wastes the 
least  amount of fbel. 

Impact  on  Federalism 

I can’t see  that  these  regulations  would have  any  profound  new  effect  on  Federalism. As 
our  society  has  evolved  and  become  more  complex  there are some  things that just have to 
be  accomplished  on the Federal  level.  Modifications in aircraft  that  effect the safety of the 
passengers  and  crews is one of those  things. 

Economic  Impact 

The  economic  impact  of  Safe*T*Foil@ will  have to be  weighted  against the value of 
human  life. This is  a  question  that  society,  and  American  society,  has  wrangled  with  and 
can  never  be  completely  resolved.  My  personal  opinion is that  making  aircraft  fuel  tanks 
explosion  resistant  is  like  seat  belts and  air  bags. I may  seem  costly  at  first  but  it creates 
jobs, creates creative  thinking  and  saves  lives. 

Cost  Estimates. 

My  cost to produce  Safe*T*Foil@  right  now,  ranges  fiom $2.50 to $5.50 per  gallon 
depending  on the complexity  and  if  the  installation  is  an OEM type  installation or a  retrofit 
application.  Testing  has  been  completed by the  Georgia  Institute of Technology,  the 
Illinois Institute of Technology and Packer  Engineering.  However, there would  have to be 
a  lot  more  testing  done to get  Safe*T*Foil@  ready  for  aircraft  use. There is  also the issue 
of installing the foil. 

The  way I understand the way  things  are  done  on  aircraft  the  Safe*T*Foil@  would  be 
manufactured to-  FAA specifications  and  then  shipped to an airline. Once at  the  airline, 
under FAA guidelines,  employees  of  the  airline  would  then  install  and  maintain the 
Safe*T*Foil@. 

After  everything got into  place I feel a  charge of $1 .OO per  gallon of tank  capacity by 
Safe*T*Foil@  would  be  sufficient. I came up with this  figure  as  follows: 

In Docket No. FAA-1  999-641 1 you state that  there are 6,000 aircraft  that  would  be 
protected. If each  aircraft  has an average  of he1 tank  capacity of 2,000 gallons  this  would 
be a total of 12 million gallons  protected. At a profit of $1 .OO per  gallon  this  would  be 
$12,000,000.00 gross profit  fiom  which I would  have to subtract  already sunk costs. 
Then to protect these aircraft  you  would  have to add in the maximum of $5.50 per  gallon 
for another $66,000,000.00. The  next  part of the cost to the  airlines of installing  the 



Safe*T*Foil@ I have  no  idea.  But  if  we take  your  figure of $170,000,000.00 minus 
$12,000,000.00 minus $66,000,000.00 you are  left  with $92,000.000.00. Divide  this by 
6,000 aircraft  protected  comes  out to $15,000.00  per  aircraft to install  the  Safe*T*Foil@. 
If  it took 5 men  at $50.00 per  hour to protect the fuel tanks  then  they  would  have to be 
able to complete the task in 300 man ours or 60 hours  per  man.  Based  on  my  experience 
with  inserting  Safe*T*Foil@  forms  and  retrofitting  tanks  with  Safe*T*Foil@  this  is  well 
within  reason. 

I also  believe  that  after  a  learning  curve  has  been  taken  advantage of, ordering 
Safe*T*Foil@ in ever  larger  quantities and  with  the  help of the FAA,  the  airlines  and the 
aircraft  manufacturers  we  could  all  work  together to beat the $170,000,000.00  FAA 
estimate. 

Conclusions 

I hope  that you  will  not  allow the  deficiencies in my presentation to dismiss  Safe*T*Foil@ 
out of hand for  helping to make  the  fuel  tanks  safer. I have attached  some  copies of tests 
and the patent  information  on  Safe*T*Foil@.  If  there  is  anything  else I can do or if  you 
would  like me to come to Washington to talk  with  you  about  Safe*T*Foil@  please  let  me 
know. I can  also  provide  samples  of  Safe*T*Foil@  with  our  latest  patents  incorporated if 
you  would  like. I have 13 years of information  on  Safe*T*Foil@.  However, I know  that 
you are very  busy  and  probably  have  literally  thousands  of  pages  of  information to digest 
on just Docket No. FAA-1999-641 1 alone  and I wanted to give  you  enough  information 
so that if  you  thought  Safe*T*Foil@  might  be  the  answer to the fuel  tank  problem  we 
could  proceed  from  here. 

Please  contact me  if  you  have  any  questions or need  more  information. 



National Safe *T* Propane PRESENTS THE 

ILIPE*FCIYLINDER 
PATENTED 

EXPLOSION RESISTANT 

NEWEST  SAFETY  BREAK - 
THROUGH IN THE 33 LB. CYLINDER MARKET! 



SAFE*FFOIL PROTECTED LPG CYLINDER 
SAFETY BREAKTHROUGH 

PATENTED SYSTEM 

M I N I M A L  DISPLACEMENT 

DECREASED B.L,E.V.E,s 

The  new SAFE-T-FOILTM  protected 4E  D.O.T.  cylinders  are 
the  state of the  art in the  storing  and  handling of  propane. 

National  Safe *T* Propane  is  the  licensee  for  all lift truck 
FOILBtechnology in the U.S.. 

The  matrix  displaces  less  than 2% of the  contents of the 
cylinder. 

When  exposed to fire,  with . . .  
CYLINDER  POSITION  VERTICAL: 
A two  piece  cylinder  equipped  with  an  aluminum  cellular 
matrix  exhibited  a  shorter  time to boil-off  than  the  standard 
two  piece  (4EW)  cylinder. 

CYLINDER  POSITION  HORIZONTAL: 
A two piece  cylinder  equipped with an  aluminum  cellular 
matrix,  when  compared to the two piece  unprotected (4EW) 
cylinder,  exhibited a decrease in the  tendency to B.L.E.V.E. 
(explode) or catastrophically fail and an  increase in the 
probability of splitting. 

- 

MODEL AL- 1 
OPENINGS ON TOP - 33 LB, FORK LIFT TRUCK 

. .- LIQUID  WITHDRAWAL  D.O.T. 
ALUMINUM  CYLINDER 

BLEEDER VALVE DIMENSIONS 
......................... SERVICE/FILL  VALVE Height 27 inches 

Diameter ..................... 12 inches 

Tare Weight .................. 24.8 Ibs. 

Safe *T* Cylinders 
CGX-4 Propane Additive 
Safe *T* Tow Motor  Certification 
Safe *T* School 
Safe *T* File 

~~~~ ~ 

Available Only Through Our 
Exclusive Sales Representative. 

Available from: 

52 West  Center  Street 
Germantown, Ohio 45327 

( 5  13) 855-208 I 
1-800-55 1-334 I 
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W E L  TAYK F’APORIZATIOS ASD EXPLOSIOS 
RESISTAhT APPARATUS 

BACKGROUSD Of THE INVEhTIO3’ 
The present invention relates generally to Lanks for 

I!quc5& !c:! 12s such 2s  ~ T O X . ~ ?  cr iiquefird ;\e:rc!c.~ln~ 
g2-s (LT’G) ;.n.d K , ~ L ~ G ~ S  !;r c<~n:;oliiqg !hr :  tsx;?:::at:!;e 
:.nJ \’.zporzz:;on of :he iiGdid :!;el Kithir :  :?IC ta:..;. In E 1 0  

. .  

t\->icsl p i ~ ~ ~ n e  C:  L?;: t?..nl. t5ere is S P , T C ; - ~ ? >  ciic3::n- 
.e.:? t .  .-i 2 Z . C S ! ~ ~ C  t2nk ;:7crT..jer designed ~ C I  con:?.in t h ?  

f ~ : l  under  pressure end hzvin: a  \*aI\.e 2; one end IO 
E C X S S  [he ccnrenrs [he:cof. Tj.piczlly, this  tan). is filled 
suhrantizliy u i ! h  propane or liquid  petroleum gas. 15 
During normal  operation rhe  liquid  fuel is L.aporizei 
under 2mbi:nt hear to provide  an  operating  pressure 
under w.hich the  vapor is withdraum  through  the tank 
va1L.e. As v a p o r  is uithdraum  the  remaining liquid  va- 
porizes  and in so doing  absorbs  heat knouvn zs the  latent lo 
heat of vaporization.  This  causes  the  temperature of the 
remaining liquid to decrease,  ushich in turn  reduces  the 
ability of the  remaining  liquid to vaporize.  Conse- 
aucnt1y;the pressure of the  system  continues  to fall as a 2 5  
result of the  declining  liquid  temperature  due 10 with- 
drawal of the  vapor.  Since  the  heat loss due  to  the  va- 
porization of the  liquid  must be replaced  from  the  heat 
in the  environment  surrounding  the  container,  the  tank 
will  exhibit  decreased  function  until  the  liquid  tempera- 30 
tule is raised. 

In the c u e  of fire,  uphere heat is applied  locally to the 
tank,  the liquid proximate  the  hot  spot will boil and 
increase  the  vapor  pressure  uithin  the  tank. T h i s  pres- 
sure  increase w-ill quickly  overwhelm  any  typical  pres- 35 
sure  relief  valve  and  cause  an  explosion. Prior attempts 
to neutralize  the  explosion  tendencies of the tank have 
included  providing  an  expanded  aluminum  mesh  within 
the  tank,  but  this  has  been  ineffective  since i t  com- 
presses  during use and  does  not.  maintain  conductive 
contact  with  the  tank  shell.  Likewise, i t  will not en- 
hance  the  vaporization  under  ambient  conditions  since 
heat is ineff~ciently  conducted f’m the  shell. 

40 

SUMMARY OF THE INVENTION 45 

Accordingly, i t  is an  object  of  the  present  invention 
to provide an improved fuel tank  which  exhibits  im- 
proved  expiosion  protection  while  also  improving  the 
efficiency  and  operation.  Generally  there is provided  a 50 
closed  storage  ve~sel  having  a  heat  conducttve  mesh- 
like interior  afixcd to the  shell  of  the  tank in secure  heat 
conductive  contact; 

Other  objectsand  advantages  of  the  invention  will 
become apparent upon reading  the  following  detailed ” 
description  and upon reference  to  the  drawings. 

BRIEF  DESCRIPTION OF THE D R A W I N G S  

FIG. 1 is an elcvational  view  panially  cut  away  of  a 
fuel  tank of the  present  invention. 

While  the  invention will be described in connection 
with  the  preferred  embodiment,  it  will be understood 
that it is not the intent to limit the  invention to that 
embodiment. On the  contrary, i t  is the  intent to cover  65 
all alternativa,  modifications  and  quivaknts as may be 
included within the  spirit  and scope of the  invention as 
defined by the  appended claims. 

I 

2 
DESCRIPTIOX OF THE PREFERRED 

EMBODIMEhT 
Refe:ring to FIG. 1 there is sh0u.n e fuel *%-A of the  

type uwSle u.i;h t h e  preferred tnb&irnent of tht p r 5 -  
en! inven:ion h3:’ing an ccter  enciosixg ntxk: 12, end 
h?\.ing ?:::>.xi IC i t s  one ertrcrr.rty e d ip  pit% 1 4  2:- 
:2.nzts I O  5c:::r thc I C \ ’ C i  o f  f a t !  in  ;h: L2.n.k u . ) I L . I :  c& 
l r :  .? h3;:t17:::41 .T:.?:<r, ani: oa*. ’ ! ; : ;  2 Fa!! ’dr2.A cr,nnc.- 

- 
. . .  . ,  . 

tioc 16 to ;?:i;\.idt: zccess :o :he jjqsii f::?! ~ : ~ ~ : ~ y ~ ~ ~  

icg:r :ark ex:c!:!.isn 1 7 .  :n pc:ri;;zI .+.:::I:?,; c;cra:is;., 
l iquid s torc2  :;I [ h e  r ~ n k  \ *ay i : c s  2 ; ) i  2:cc:.ci2!es ic 
the U ? ? ~ Z Z C S !  portio?. of :he unk  u*he;eu?on i: is w::?,- 
d:au.r, 2s nesdsd t h r o u g h  any s tmdard  coEr.cc:ion (nat 
s h o w )  in  the tznk top. I n  conven:iozd s>’sicms, the 
Ljaporizatign of t h e  liqzid is depend?:; upor: r h c  hear 
available f rom the  external  environnen;  through [ne 
tank u,all 12. U n d e r  periods of excessive  use,  the tem- 
perature of the  liquid u i l l  be reduced to a p i n t  where 
this  vaporization  becomes  limited uohich will in turn 
limit the  amount of vaporized  fuel  available for con- 
sumption. 

I n  accordance  with  the  apparatus of the present  in- 
vention,  there is provided  within  the  tank, and panicu- 
larly  within  the  liquid filled portion of the teak. a heat 
conductive  member 20 arranged to conduct  heat  from 
the  external  wall 12 of  the  tank  member  and $-istribute 
the  heat  throughout  the liquid containing portion of the 
t a n k  chamber.  In  the  preferred  embodimenl of the  pres- 
ent  invention,  this  filler 20 would be formed as a metal- 
lic  lattice  shaped  sheet  rolled  to  conform  to  the  confines 
of the  tank  and  adhered to the  tank  shell by adhesive 22. 
Satisfactory  results  have  been  obtained  with EC776 
adhesive  manufactured  by 3M Corporation. This adhe- 
sive  prevents  separation of the  metallic filler from  the 
tank  shell  and  ensures  heat  conductive  contact. 

In  this  arrangement  the  volume  of  the liquid filled 
portion of the  tank is criss-crossed by  numerou  metallic 
foils. While  the  total  volume  of  the  tank is reduced  to 
some  extent,  considerable  volume is retained  by  using 
thin  foils in this  lattice  network. . Technically,  this  apparatus  increaKs  the  “wetted 
surface”  of  the  tank.  Generally,  the  greater  the  wetted 
surlace  of  the  tank,  the  greater  the  amount of vaporiza- 
tion capacity of the  system.  Consequently,  a  larger 
container.  having  a  larger  wetted  surface area. would 
have  a  greater  vaporizing  capacity. By incorporating 
the  apparatus  of  the  present  invention,  providing the 
filler  described  above, an increaK  in  the  wetted  surface 
is achieved  without  changing  the  size or dimensions Of 
the Lank. 

Explosion  protection is uniquely  provided  by  this 
same  system  which  improves  vaporitation. When a 
l o c a l  hot  spot  occurs  on  the  rank  shell,  the h a t  will 
dissipate through  the liquid and I o d i z e d  boiling will be 
avoided. The adhesive  contact of the filler 10 the tank 
allows dissipation  of  applied  heat  before  the liquid  (em- 
perature rim to a  boiling  condition. 

In a funher  aspect of  the  prescnt  invention,  there is 
provided  a  relief  valve 18 strategically  positioned 
within  said  tank to  provide its internal  extremity  at the 
uppermost  portion of the  tank  when  the  tank is ustd in 
the  horizontal mode. This  ensures  that  the  pr-ue 
relief valve accesses the  vapor in a l l  conditions md will 
not be covered  by  liquid fuel. When  localized boding 
d o e s  occur, the valve  prevents tank explosion by r e l a -  
ing pressure. 
W e  claim: 
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1. An  improved tank apparat~s for liquid fuel storage ' 4. The  tenk  apparatus of claim 3 u.hereir. said me:allic 

a closed tank member having m a n s  for selective 5.  n i e  t a n k  epparatus of claim 3 u.hereir, sa id  metallic 
eccess to the contents of =id tar,k; and foil menher  is comprised of P rolled larticc shee: c o r , Z ~ -  

a h a t  conductive filler within  said tank a tuched  in 5 uration. 
heat Conductive  contact with said tznk member for 6. T 3 e  tzr,k appxztus  of cizim 3 unherein =id n e s l l i c  
transmitting heat by conducticil from =id tank foil member is comprised of rnuitipl: Izyzrs cf a iztrice 
member to the  liquid. sheet c0nfigu;e:ion. 

L. .IC ank  eFp;ztus of c!aim 1 whercin =id heat 7.  Tine rank zpparz:us of cizim 3 fur.!;cr Cornprls;::: a 
conductivt filler is ~ f T i x 4  to ,por,ions of said t d  m e n -  10 pressure: relief \*Lve  positi3nrd er O n e  si:? c f  szid tznk 
b c r  by adhesive. End h a v i n g  an ictexcl  cx;remity t h c r m f  ?rajtcring 

conductive filler comprises a rnetallic foil member. 

comprising: foil member  forms a lattice  configuration. 

.. "+ 
. .  

3. T h e  tank epp,?.ra:us of claim 2 ufherein said heat tou ,xd  the  uppemost  pozior. of wid ;zr,k. 
. . . * 8  
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3 
provide  openings  with  transverse  sidts;  2nd ushen c o n -  
b i r d  *pith other  sheets, or rolled, the !attic: P.xc:ions 
:o thc.?nd!y conac t  2djac:nt ! z y m  s well zs the :2zk 

w d i s  wfiilt only p r t i d l y  Tdlin_e the t rck void. T h e  fuel 
ia the t tqk circulztes through :he interstices of the 12t- 5 
ucc where it is in c03t.m with the : : 7 e . ~ d I y  conductive 
mesh. AnSient  heat is absorbed  by the r ink  u a i l  2nd 
t r z r ~ f e n e d  throagh a t hez rd !y  conduc:ive  aahtsiv: 10 
the  mesh insen uehere i; is distributed to the  fuel.  \'z?or 
cad:: pressure is :hereby made  available to be C:zwn I O  
ofi the top on d c r u l d  2nd pi?ed to the  regu!ator with-  
out risk of loss of critical  pressure  or i r e c t e - ~ p  o i  tne 
systezn. 

Other objec:s and a d v ~ t r g e s  will be tome   rp~a rcn t  
upcn  reJding  the  following  detailed  descripLion  z!d I S  
upon reference to the  drawings. 

BRIEF DESCRIPTION OF THE D R A W I S G S  
FIG. 1 is a  block dizgrun of the prior m s > * s t e n  

emplsying  the LPG fuel system for 2n internal combcs- 20 
tion engine. This drzwing  shou's  the  prior an rc!rtion of 
the -mk, the  conduit  for  liquid  Craw, the v 2 ~ 0 r i ~ t r -  
regulator,  and the engine  carburetor. 
FIG. 2 is a block di2gran of the z p p u a r u .  system 

Lqd method of the prestnt  invention  showing the rrnk 2s 
u i t h  a themally  conductive  insen  adhered u-ithm the 
u n k  and proviaing  a  vapor  draw  conduit to a p : t s s ~ ~ e  
regulator. 

FIG. 3 depicts the tank of the  present  invention  hav- 
in3 a thermally  conductive  insert  formed to provide a 30 
lattice  within the tank  which is adhered to the walls of 
the rank by a the.mally conductive  adhesive. 
FIG. 4 is a  view of the lattice  sheet  of  the  mesh insert 

of  the tyJc apparatus  showing  the  pluraliry of va.rled 
sized  openings in accordance  with  a  funher  feature of 
the invention. 

While the  invention uill be described in connection 
uith 2 preferred  embodiment, it will  be  understood :hat 
it is not our intent to limit  the  inveniion to that  specific 
embodiment. On the  contrary, it is our intent  to  cover 
all alt:rnatives, modifications  and  equivalents zs may be 
included within the  spirit  and  scope of the  invention as 
determined  by  the c!aims. 

DESCRIPTION OF THE PREFERRED 
LMBODIMEST 

Turning first to the  prior art system shown in FIG. 1, 
there is depicted  a LPG fuel  system  feeding  liqu~d  fuel 
from  a tank U, via a conduit 14, through a locksff 
valve 16, to  a  vaporizer-regulator 18. From th:x the 
\*aporized  fuel is directed to the  carburetor 20 and en- 
glnc 22. 

T h e  rank 12 is shown in i ts  usual configuration.  hzv- 
ing a p a n i d  volume  of  liquid 24 and  a  superimpcsed 
volume of vapor 26. This vapor U generated a~ a Karural 
result of the  surface  evaporation of the fuel in the tank 
and is dependent on the  temperature of the fuel. This 
functions to pressurirc  the systern and force liquid  fuel 
to the vaporizer-regulator.  When  the  fuel is withdawn, 
tbe prtssure in the tank and  in the fuel line  drops. thw 
limiting the volume  demand  that can be placed upon the 
system. Withdrawal of fuel at too high a rate c a u s  the 
pressure to fall to a level at which  the  vaporirer-regula- 
tor will not  receive  enough  fuel to allow normal  opera- 
tion. At the same  time  the  temperature of the tank and 
the temperature  of  the  remaining  liquid  fuel  drops to an 
extremely low temperaturc As a result the system  be- 
comes ~cmpora~ily  inoperative untii the  presrute and 

3 
t:n?erz.tu:e slou~ly r:S~ild. T h i s  2uc ;u t ion   of  ;he ?res- 
S O X  a d  tern?e:~:ur: is 253 :es?or.s5-;le f c r  ~ h :  05- 
sc>*ei  L?zSili;y of :!IC z > * s i c x  !o fu!!y i i s c : k z ~ ~  ;:?e 
~ d . ,  s i x :  a the liqcjd l:\rc! iro;s :he pro?cr.si;y ci  :5= 
fuci to d c v e l o ~  is \'z?ar p i t sszre  deciines. 
3: f u t l  system in 2cco:lmc:  uith ;hr p : : s c x ~  in- 

ver,:ioa is shousn iq FIG. 2 u.herein 2 ~he.~.dl>* zbsar- 
b2nr tank 30 is enployed '10 cz?:u:e 2 3 b i c 2 t  >,est 2nd 
t:u"srrzit r'his heat rhraxg5out rhe  iicuid fuel. 4,s 2 r t sx i t ,  
a \*;?or is developed in rhe :znk u.hizh i s  ;narc c=nsis?- 
m t  Lyd dep:ndable, znd u.ricn  doesn't fiuc:jste ts 
;2aicd!y  with fgel u . i thcrzu.d.   TSe \*zpor is dr2u.r. o:T 
through  conduit -12 2nd  fed to the er.gine 34 thr.ough a 
a z n u t l   a r  solenoid cor,trollei lock-off \ . r i v e  36 t q d  2 

yessure  regulz[or 38. Tgis ?ressure re_zulztor r . 2 ~  5: 
provid:d with  a v z c u u ~  :ontrolled shut-off ~ h r o ~ g ' n  
\*acuum  !ine 40 1eadir.g from the  cxbureror 42 5 2 2 2  10 

the  regul21or in accordance  with  prior  practice, 10 ciosc 
the  fuel  line u h t n  the engine  stops. 

In  accordance  with  the  preferred  crnbodin:nt of rhe 
invention  there is s h o u n  in FIG. 3 a z n k  hr\*ing side 
u d l s  50 u d  a thenczl  nesn ir.scn 12. This i x e r t  is 
CCEIPCS:~ of 2 filler nus of 2 lattict  cons;rucrion u.hlfh 
paniaily fills the  volume of the tank u:hile s l louing 
space  within i r s  inters:ics  for the furl. .4 rol! or stzcK cf 
th:se lat~ic: sheets is :hen  formed  into  the six?: of t h t  
rznk (FIG. 3) 2nd the  usezlbly is adhered to rhe tznk 
ualls with  a  themally  conductive  adhesive 3. An 
adhesive  known 25 EC7i6 2\pailzble from 5.M Corpor3- 
cion h a  been  used succssfully  and is r e s i s w t  to degra- 
d2tion by the fuel. A more  detailed  descriprion of ;his 
filler m a s  and  the  funcrion of the thermal adherence is 
provided in U.S. Pat. SO. 4,6f3,098 issued to on of the 
inventors  herein. 

T h e  r'riler inserr  may  be  ccnsrructcd of a slit sheet of 
thin metallic m a t e d ,  wherein  the  sheet is 2rovided 
with zn array of slits across its surface  expandajic  into 
an ~ ~ 2 y  of openings 60 (FIG: 4). The  expvlsion is ac- 
compbhed  by pulling  the  sheet  at i r s  pcnphe.? to open 
the s l iu  into zn zrray of  diamond  shaped opcxings. In 
such a lattice,  transverse sides 62 are ther:Sy zrczted 
around  the  openings LTd are gcnerally  prcsenred ar m 
angled o r  inclined  disposition  relative to the  eppvcnt  
surface of the sheet.  %'hen  such she::s arc  s t a c k d  or 
rolled,  they  will  invaiiably nest toSe:Ser 2nd their erTec- 
t ivexss  is dramatically rzduc:d as a result. Sorne ?re\<- 
o u  zrtenpts at preventing such nesting  have resuited In 
fan folded  configurations  and  reversing of lr\.ers; but 
the f o m a t i o n  of such insens  are naturally expezsive 
and time  consuming.  In  order to provide an economical 
yet :ffettive  anti-nesting  technique, there is utilized 
herein  a  method of creating zn w a y  of slits zqd  cpen- 
ings of varying  size,  such that the  openings (2nd :heir 
inclined  sides)  will not "match u?** when 1aye:ed. This 
may be accomplished by alternating various siztd open- 
ings (60, @), as shown, or creating a pseudo  random 
m y  of multi-sized  openings. In another version. dual 
she:ts dtsigned to be roll&  or  stacked  together may be 
mrnufacrured  with  one  sheet  having  openings  of one 
size and h e  other sh::t having  optaings of mothe r  size 
to thertby  prevent  the  match  up of the  side ualls of the 
openings. 

From the foregoing  description it will  be  apparent 
that  modifications can be made to the apparatus and 
method  for  using same without departing  from  the 
teachings of the present  invention.  Accordingly,  the 
scope of the  invention is only to be limited u necesri- 
wed by  the  accompanying  claims. 
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1. In a LPG fuel system for 2n internal  cosbustion !atrice; 2nd - 
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Generzlly  there is provided an expanded.foil s5ect hzv- 
ing a m a y  of openings in a patrcm exhibiring a  plural- 
iry of dimension, w h c h  she:rs are rollta or s r r c k d ,  
such  that juxtaposed c p e i n g s  differ in d i n e x i o n ,  to 
form a thermal filler IDUS for a rank. Alt:n;ztiveiy, two 
or more foil sheers, each exhibitkg openings or B f2t -  

t e r n  of openings of dimension  diflerins  from rhe open- 
ings of adjacent sheets u e  combined in a roll cr strck to 
form the filler mass. Finally, in a funh:: F e E t x c ,  the 
filler mass is adhered  to  the rank wail. 

6 Claims,  2 Drawing Sheets 



Sheet 1 of 2 4,925,053 



I Sheet2of2 4,925,053 

14 

FIG. 2 L22 

I 

FIG. 4 



4,925,053 
1 

FUEL TAbX VAPORLZATlON .WD EXPLOSION 
* RESLsTAhT A P P U U n S  .4\D LMPROkZD 

F L L L E R M 4 s S  ' 

BACKGROLWD OF 'ME I>YEr\?ION 
1. Field of the  Invention 
The  present  invention relates  generally  to  tanks used 

for flammable  or  explosive fluids such  fuel t a n k  
b c l u d i n g   p o l i n e ,  diesel  fuel,  and LPG gas; and  panic- 
duly' this invention  relates to tanks employing  a  filler 
m s s  insen to aid thermal  distribution  to  suppress  explo- 
sion or  to  boost  vaporization. 

2. Description of the  Prior A7 
In a  typical tank application.  such as a  propvle  or 

LPG tank, there is generally  encountered  a  metallic 
tank wall  designed to contain  the  fuel  under  pressure, 
with  associated  valves  and  connections  at  one  end to 
access  the  contents  thereof.  During  normal  operation of 
a  vaporirztion  system  the liquid  fuel vaporizes in the 
fank under  ambient  heat to provide an operating  pres- 
sure  under  which  the  vapor is withdrawn  through  the 
rank valve.  Consequently,  the  pressure of the  system 
falls as a  result  of use and  the  tank  will  exhibit  decreased 
function  until  the  liquid  temperawe is raised. 

Similarly, in liquid fuel applications,  where  heat is 
applied I o c d y  to the tank (such as in a  fue),  the  liquid 
proximate  the  hot spot will boil and  increase  the  vapor 
pressure  within  the tank and  possibly  ignite.  Prior  at- 
ttznpts  to  neutralize  the  explosion  tendencies of the tank 
have  included  providing an expanded  aluminum foll 
mesh as a  filler  mass insen  within  the Lank. 

Improvements in filler  mass  'design have  been  di- 
rected to preventing  nesting of the  mesh by reversing 
alternate  layers in a roll.  Nesting  occurs  where  the mesh 
pattern of adjacent  layers  seule  against  each  other in a 
mating  relation. This anti-nesting  system is described in 
the 1979 patent issued to Szego, U.S. Pat. No. 4,149,&9, 
as applied  to  explosion  suppression in fuel tanks, al- 
though  the  techmque  had be:n employed for many 
y e a n  prior in the  filter  industry.  This  filter  application 
has  been  the  principal use of such  expanded foil. Even 
with  the  anti-nesting  technique of Srego,  the foil mesh 
collapsed  and  compressed  during  use  and its CffCCtIVe- 
ness diminished.  Recently, U.S. Pat. No. 4,673,098, 
issued to Fenton  et al., dramatically  improved  the  ther- 
mal conductivity  and  reduced  the  com?ression  ten- 
dency  by using adhesive  to  secure  the  filler mass wit-hn 
the ranlc Notwithstanding  these  developments  the  need 
continued  to exist for th'e development of a  fdler m a s  
and tank apparatus d e s i p  which  would  be  more  eco- 
nomical KO manufaccure, allow for  greater fuel volune, 
and  provide g r a t e r  thermal  distribution. 

SUMMARY OF THE I h X X T I O N  
It is accordingly  a  principal  objective of the  przsent 

invention to provide  a  tank  apparatus  with a filler  mass 
insen  which  causes a minimal  reduction in tank  volume; 

It is a funner  objective to provide a filler m a s  for  a 
fuel rank  which  doesn't nest, yet is economical to manu- 
facture;  and 

I t  is finally  an  objective of the  improved  filler m a s  
insen to provide  increased  thermal  vansfer  through 
better  interstitial flow. 

Generally  there is provided in a first  embodiment an 
expanded foil sheet  having slit formed  openings of vary- 
ing dimensions, which s h e 1  is rolled or  stacked to f o m  
a  filler for a tank. In  a second embodiment. two or  more 

foil'shetts are formed,  with  each  sheet  having 2.n array 
of openings  but  differing  from  one  sheet  to  the  next in 
the dimensions  of  the  openings.  These  sbeets  would be 
rolled  or  sucked and insened u a  filler m a s  for 2 t m k .  

5 Finally, in a  funher  feature,  the inserr is adhered  to  the 
tank wall by use of a themdly  conductive adhesive. 

BRIEF DESCRIPTIOS OF THE DFUWISGS 
FIG. 1 is a perspective  view of a roll of two s h e s  of 

10 :hernzlly  conductive  foil,  each sheer hzving an 2rrzy of 
openinss but  dirTering beween them in the  dimensions 
of the  openings. 
FIG. 1 is a  cross  sectional  \Iew of the  paired s h e e x  of 

FIG. 1 showing  the  relationshjp of the foil she::s 2nd 
* j  the rused  periphery of the  openings. 

FIG. 3 is a  perspective  view of a tank apparatu e=- 
ploying  the frller maSs of FIG. 1. 
FIG. 4 is a perspective view of an dtenztive  design 

of a single sheet of foil for use in the  filler muss of ;he 
lo tank apparatus, said foil having an array  of  openings of 

various sizes thereon. 
W e  the invention  will be described in comet t ion  

with a preferred  embodiment, it will be understood  that 
we  do not intend  to limit the  invention :o that emboai- 
ment. On  the  contrary,  we intend to cover all 2lterr.z- 
tives,  modifications,  and  eauivaients as may be included 
w i t h  the  spirit and scope of the  invention as defined - 
by  the  appended  claims. 

2 5  

30 DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Turning  fmt  to FIG. 1, there is shown  the  constmc- 
tion of a frller m s s  in accxdance  with  the  present 

35 invention  for  insenion w i t h  a tank a de7icted in FIG. 
3. Tb fdler comprises a  roll I t  of expanded foil mesh. 
The  actual  construction of this  mesh is comaonly  
known in the an and involves  the  placement of a ~ lu r21-  
ity of slits in a  sheet of thermally  conductive foil. such 

a as an aluminum foil, and  the  pulling of the  sheet to 
expand  the  openings.  In  the  manufacture of the sh:=t, an  
array of slits of predetermined  dimension  establish t h e  
dimension of the  openings  produced  when  the  sheet is 
pulled  and  expanded. 

4 5  In  the first embodiment,  a  fmt  sheet 14 is provided 
with  spaced  slits  and  thereby  specifically  dimensioned 
openings 16 when  expanded. A second s h e 1  18 is S L I -  

larly  provided  with  spactd slits 2nd  resulting a h e n -  
sioned  operungs 20 when  expanded.  When  the foil 1s 

50 expanded,  a  peripheral  edge 22 results  and F ~ O J C C : ~  

t ransvedy to the  plane of the Sheet.  (see FIGS. 1 and 4 
for  example). In accordance  with  the  present L'lv-. cytlon. 
the openmgs 16 in the first shett  are  designed 10 be 
larger  or of a  different  shape  than  the  openir,gs 10 of  he 

5 5  second she:t. This  results  from  the  modification of the 
slit ?attern  when  preparing  the foil sheet. w i t h  this 
mismatch of dimension (size or  shape),  the  second shezt 
18 overlies  the fmt  sheet 14, zs shown in FIG. 2 End, 
consequently,  the  sheets  cannot nest into  a  mating :e!a- 

60 tionship. As a result.  the  spacial  separation of the 1u.o 
sheets is maintained  when  the  sheets  are  cornbixd  into 
layers, yet the  sheets  do  not need  the  funher expensive 
processing of folding  or  reversing to acconplisn the 
anti-nesting  effect. 

65 Once  stacked  or  rolled, :he frller mass is inserred into 
a  container 40 (FIG. 4), such u a m e d  tank, hzving 
thermally  conductive  walls 42. The   f i l l s  is acapted to 
conform  to the conrziner  and is prefenably  secured to 
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tbe walls by adhesive 44. Satisfactory  results  have  been 
obraind with rn adhesive known a EC 776  manufac- 
cured by jM Corporation. This adhesive  promotes the:. 
mal conduction,  prevents  separation of the fde: maSs 
from  the  container  and  resisu  the  coricsive  action by 
t he  talk contents. 

In yet a funher  ezbodiment,  the filler =nus is m a t +  
facrured from a single sheet 50, with 20 array of open- 
ings having ditTering dimensions ananged across  the 
sheet. When the  slits in the foil are arrvlged to generate 
regula  diamond  shaped  openings as depicted, this pro- 
v i d a  a  panern of small  and  large sized openings S t  and 
54, rapecrivcly,  and  provides  a  corresponding  patrern 
of projecting  periphery. When coiled or s a c k e d  with 
other sheets, the  relationship  between adjac:nt layers k 
adjusted to juxtapose  the  differing  dimensioned  open- 
ings to avoid  nesting. 

with both  embodiments due to the  enlarged opening 
size in the combination,  thermal  convection  through  the 
filler is increaKd with a resulting  improvement in the 
e f i c i c x y  of the apparatus. Moreover, the eda rged  
openings increaK t h e  available fuel volume  and  reduce 
the cost of materials  and cosu  of manufacruring of 15e 
filler m u  insen. 

From  the  foregoing  description, it will be  apparenr 
that  modifications can be made to the apparatus and 
method for  using same  without  depaning  from :he 
taching of the present  invention.  Accordingly the 
scope of the  invention is only to be h t e d  as necessl- 
w e d  by t h e  accompanying  claims. 

w e  claim: 
1. A thermally conducuve filler mass inse'rr for  a 

container  comprising  multiple  layers of. t hema l ly  con- 
ducdve sheet, each of said layers having a  pluraliry of 
slit formed  openings  defined  therein, the periphery of 
said openings forming e a g a  projecting  transverseiy to 
the plane of said layer  wherein  said insen comp*scs a 
suck of interleaved  layers, wherein each of said la)e:s a 
exhibifs an m a y  of a  plurality of openings in a Faxcm 
exhibiting a plurality of dimensions, said layers Se~:g 
c a n g e d  to juxtapose  openings of differing dimezslcn. 

4,925,053 A . 4 
2. A thermally conductive f d e r  n u s  insert for a 

container  comprising  oulti.pie  lzyers of thernal!y  con- 
ductive  sheet,  each of said layers  havi,_e  a  pluraiiry of 
slit fornea openings  defined  therein, the  p e r i ? n e ~  cf 

5 said o p e x i ~ g s  foming edges 7rojec;ing  trmsverse!y  to 
the p l z x  of said 1ay:r wherein szid insez cornpr;,ses a 
roll of a singie sheet,  said  roil  producizg  multiple  !avers 
of sajd she:[, where;a  each of seid la!.crs exhibits X I  

array of a plurality of openings in a pa t t ex  e.dbibiting a 
IO plurality o i  Cwensions, and wne:ein szid 12yers x e  

arrznged to  juxtapose o p e i n g s  of di!ieSZg dimensions. 
3. A conrainer of themally  rsponsive fluids compris- 

ing a thermally conductive con:ainer wd l ,  a  thermal!y 
conducdve  filer mass i n e n  uithin szid wal!s and in 

15 rhe.nal  cantact tbe:eufth,  said izser: cozpr;.sir.g  mulri- 
pie  layers of ;!~ermally conduc5ve  snett  having slit 
f o m c d  o p e i n g s  rhcrem, the pekphery of said opexixgs 
being r a g e d  to  project  transversely to the plane of 
said sheet  whcrek  each of said layers  exhibits  an  array 

20 of a  plurality of openings m a p a m m  exhibiting  a 7lura.l- 
ity of dimensions,  wherein said inser.  comprises  a suck  
of interleaved  layers,  and  uhercin said layers  are ar- 
ranzed 10 juxtapose  openings of diiiering airnemons. 

4. n e  contaL.er of c!airn 3 fucher corn?%r.g adhe- 
25 sive  mezns  for a d h e m s  said ~ f s e n  to szid ccntalncr 

wall. 

ing a  thermally  conductive  container ua l l ,  a  thermally 
conductive filler m a s  insen wi thn  w d  walls  and m 

30 rhe .md contact  therewith. said Lnsen conprismg 3 u l t i -  
pie  layers of thermally conCuc:ive sheet  having sii t  
f o m e d  operun_es therein, the periphery of said opelungs 
being m a n g e d  to project  tracsversely to the plane of 

5 .  .A conminer of therrcally  responsive  fluids ccmpris- - 

said s h e t  wherein said insen compnses  a roll  of a smg!e 
sheet. said  roll producing mu1:iple layers of said she::, 
wherein each of said layers exhibirs an  =ray  of a p l u r d -  
ity  of  openings in a pattern  exhibiting  a  pluraiiry of 
dmensions, and  wherein szid layers  are r a n g e d  to 
J L X ~ D O S C  openings of difienng  dimension. 

6 .  T I C  conrliner of c!aim 5 further com?nsmg ~ C h e -  
S I V C  scans for  adhering sald ~ r s e n  10 s a d   c a n t u n e r  

dl. 
8 8 8 8 .  

.- 

6 5  



- -  - 
, '. . 

United States Patent [I91 
. 
, (1 I ]  Patent Xumber: 4,988,011 

Fenton et al. (451 Date of Patent: Jan. 29, 1991 

EXTLOSION RESISTAAT FUEL 
COSTALXER APPAUTUS 

Inventors: Ronald L Fenton, Uood Dale, Ill.: 
Robert Brand: Sew York, N.Y. 

Prospect, 111. 
Assignee: Sdetytech Corporation, Mount 

Appl. No.: 460,401 

Filed: Jan. 3, 1990 

Related US .  Appliution Data 
Continuation-in-pan of Ser. So. 391.237, Aug. 9, 1989, 
abandoned. 

Int. C1.J .............................................. B65D 25/16 
US. Cl. ................................... 220/88.1; t10/453; 

t20 /654;  t20/669 
Field of Search ............................ 220/S8 R, 88 A 

References  Cited 
U.S. PATEhT DOCUMEXTS 

5.95 1.71 8 4 /1976  Gonzzlct .................. :.... ..... 20/453 
4.OIL.9h3 4/19?7 Pedlo\v ............................. X O A S  R 
4.145.&9 4/19?9 Szego ................................ 120/58 .A 
4.230.?5S 10/1980 Sagai .................................. 20/4:6 
4 . 5 8 1 2 8 5  C/1986, Mzhckkey ............................ I20/:!2 
4.615.455 10/1966 Tznsill ............................... X O , / S &  R 
4.673.098 6/1987 Fenron ............................. X O / S 8  A 
4,765.458 S/1988 Flanigen ........................... 2 0 / S S  R 
4,166,420 S/1988 Hanings .............................. 220./4:1? 

Primary Examiner-George E. Lou*rsnce 
Assislant  &aminer"S. Castellano 
Arrorney. .4genr. or Firm"Doug1as B. U'hite 

P i 1  ABSTR4CT 
Generrlly there is provided an exterior tank shell,  r\*pi- 
cally of aluminum composition, having as an intenor 
shell a layer of a stiff and strong material.  such ES alumi- 
num osia: or a fiberhesin  composite, applied IO the  
inside surface of the shell. A thermally conductive mesh 
filler insen is  fitted  within the tank 2nd seared IO the 
i n n s  shell layer with adhesive. 
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parat&  with a filler mass insen  u*hich is functional  uirh 

AP P .4M n's I t  is a  Tunher  object of the  invention IO protride  such 
. a tank  apparatus u i t h  a filler mass for a  fuel t v l k  uhich  

This  application .is a continuation-in-pan  of S:r. Yo. 5 prevents  nesting.  pro\*ides  increased  them,al  transfer 
07/391,237, filed Aug. 9,  1989, now  abandoned.  through berrer  interstitial  flow, bur yer is economical IO 

EXPLOSIOS  RESISTA\T K E L  COYTAL\ZR transponable  containers  and  vehicle tznks. 
" 

BACKGROL'XD OF THE I?;VENTION 
manufacture. 

I t  is finally an objccr of the  prestnt  invention to ?re- 
1. Field of the  Invention  vide a lightweight-  inrernal shell layer  which in -one 
The  present  invention  relates  generally to fuel t a n k  10 aspecr  exhibits th:nr.al transfer 10 d:!ay ex?losion in a 

used for  ilamm2ble or explosive  fluids  such ts gasoline, fire but  also  rezporarily  conrsins the fuel during  limited 
diesel  fuel,  and LP-Gas;  and  more  panicularly ;his in- failure of rhe outer shell. 
venlion  relares to tznks  employing  thermal  distribution  Generally  there is provided 2n outer  shell,  rypically 
to suppress  explosion.  This  invention  further  relares to of  aluminum  composition,  h2ving 2n inner she!] com- 
improvem:nts  in such  apparatus  for  use  with  light- 15 posed of a layer of strong, stiff  and  thc.mzlly conduc- 
weight  transponzble  tanks, 2nd more  precisely  with  tive  material  adhered to the inside  suri'ace'of  the outer 
aluminum  tanks,  which  tend to lose strucrural  integrity shell. The inner  shell  lzyer n a y  be 2n aluminum  oxide 
under  high heat  layer or of a hydrocarbon compatibl-c  fiber  and  resin 

2. Description  of  the  Prior An composite. In one embodiment a 12yer of  thermally 
In a LP-Gas fuel tank  application  there is generally 20 conductive  adhesive is applied on the  inner  surface of 

provided a metallic  tank wall  designed to contain  the  the  inner  shell  and a  mesh  insen is fitted uirhin  and 
fuel under  pressure.  This  tank is rypically  of steel com-  secured to the  inner shell with the  adhesive.  In another 
position  for stationary  applications  and  further  includes  embodiment  the  xsin of the fiber/resin composire  acts 
associa~ed  valves  and  connections at one  end  for  access to adhere  the  inner shell la)*er 10 the  outer  u*all  and I O  
to the contcnu thereof.  When  the  tank is in a heated 3 secure  the mesh insen  to the inner  shell  layer. 
environment,  such rs in a  fire, the liquid proximate  the 
hot  spot will boil  and eventually  ignile,  with a resulting DESCRIPT1oN OF THE DR'W?JGS 
explosion. Prior  anempts to neutralize  the  explosion FIG.  1 is a panially  cut-au*ay  ptrspective view of  the 
tendencies  of  the  tank  have  included  providing  an ex- tank  apparatus in accordance  with  the  present  invention 
panded  aluminum foil mesh as a fiIler m s s  insen  within 30 employing a filler  insen  secured  therein. 
the tank Such a  system is described in Canadian  Patent RG.  2 is a cross sectior.al view of the  layers of FIG. 
Yo. 736,802. The  container is filled with a mesh  which 1 proximate the tank  wall. 
divides  the  con*ainer  into  mzny small  cell-like compan- FIG. 3 is a perspective  view  of a she:[ of expanded 
menu, and  through  thermal  contact  with  the  mesh  the foil used in forming the filler  insert of the  tank  appara- 
fuel  transfers  the h a t  away  from  the "hot spot" to 35 tus, showing  an m a y  of openings  of wious sizes .  
delay  the local rise  in  temperature-and  delay  the ex- FIG. 4 is a perspective  view of a  sheet  of  a hydrocar- 
plosion.  bon compatible  composite. 

Improvements in fank design  have  recently  been FIG. 5 is a perspective  view of a  section  of the  sheet 
directed to preventing  nesting of the  mesh insen by  of FIG.  4 cut  and  formed to fit within the m k .  
reversing  alternate  layers in a roll. Nesting  occurs CO FIG. 6 is a cut-away  perspective of the  tank  employ- 
where  the  mesh  pattern  of  adjacent  layers senfe against ing an inner  shell  layer  formed  with a  fiber  and  resin 
each  other in a mating relation. A recent  anti-nesting  compositc 
system is described in U.S. P a t  No. 4,149,649. Even FIG. 7 is a cross-sectional  view of the wall  portion of 
with  the  anti-nesting  technique of the  prior an, the  the  tank of FIG. 6. 
lightweight foil of the  mesh  tended to collapse  and 45  While the  invention w i l l  be des,cribed in connection 
compress  and its efiecriveness  diminished -during use; with a preferred  embodimtnt, it wll be undmtood  rhst  
this is panicularly m e  for'transponable  containers,  and we do  not  intend to limit t h e  invention to that  embodi- 
vehicular fuel tanks.  Rtc:ntly a new  technique  de- menL On  the  conmry. we inrend to cover all alt:r;..a- 
scribed in US. P a t  KO. 4,673,098, issued to Fenton u v n  modifications,  and  equivalents as may  be  included 
etal.,  dramatically  improyed the h e m a l  conducuviry 50 within  the spirit and  scope  of  the  invention as defined 
and  reduced  the  compression  effect This method used  by h e  appaended  claim. 
a thrrmally  conductive  adhesive  to  secure the filler 
mass wirhin the tank. This kept  the filler s n c t u r e  inract 
and  yet  facilitated the thermal transfer to the liquid 
from  the  adjoining tank surface 5 5  Turning frst to FIG. 1 there is shown a tank con- 

In the vehicle tank industry  and in the  design  of trzns- structed in accordance  with  the  prestnt  invention hav- 
ponable tanks, weight is of high imponance  and tanks ing  a  thermal mass U of  expanded foil mesh  positioned 
of  aluminurn  composition  have  been utiliued. Unfonu-  within  the tank. Tne  actual  construction  of  the m s h  
nately, the aluminum GU& wall  tends 10 melt at such a insen is well  known in the art and  involves  the  placc- 
low  temperature that i ts  structural integrity is quickly 60 meat of a plurality  of  slits  in a sheet  of  themally  con- 
lost in a fire. Anempts to insulate or coat  the o u t s  ductive foil, such as an  aluminum foil, and  then  pulling 
surface  of  such tanks have  proved  satisfactory in smuch  of  the  sheet to expand  the  openings.  In  the  mmufacture 
as the  coating  does  not remain suniciently intact to of the  sheet, an m a y  of slits of  predetermined  dimen- 
produce  reliable rCSdu. sion  establish the size and  shape  of h e  openings  pro- 

e 

DESCRIPTION O F  THE PREFERRED 
EMBODIMEST 

" 

0 SUMMARY OF THE W S T I O N  
65 duced  when  the  sheet is pulled  and  expanded. 

In one  embodiment of the tank consmct ion  of the 
I t  is accordingly a principal  object  fo the present  present  invention,  the  structural outer shell (fonning  the 

invention to provide M explosion suppression t d c  ap- primary  container wall) is  manufactured in accordance 
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ui:h conzon ly  kn0u.n ; I n k  .t,zr,u:8c:urirr_e Techniques 
and t h e  inrerjor sufrace i 4  of the :ank outer shell 16 is 
provided uei::? a :hin, y:! s i ? ,  inner  shell 18 (forming a 
secondzry cmrrincr  u*all). This inner she!] is (in one 
cmbodirn:ni) a cczting of 2 :!*?: uahich is r d y  z?plied 5 
2nd u*hen in s:r\*icc is rtsis;znt tc oeteriorzrion by hy. 
drotzrbocs. P:eie:~SIy :his m x 5 4  is of high therrr21 
concuc:iviry, 2nd is 2p?iitd in 2 ~?;2>*,  sizi12: 10 2 ~ z i z t  
appliceticn. An aluminm  oxide spr2); rccor;.?iishes 
these p u ~ c s e s  and  produces 2n e3ec:ive !aye: h3vics a 10 
5nished ;hi=L:tss in ;he :2ng: of l / i6;h of zn  inch or 
icss Cgrtzter ::?Ick;;l.ess is 3cc:?:abje u*here  weight is jess 
ckticd). T q e  ari:d xa t ing  pr:scats a stiff rhermzlly , 
conduc:ive kyer  uh icn  f0.T.s an inn:: shell  2nd is a c -  
hered to ;he outer ahminu;;; sh:ll. 15 

ne ph!-sicsl characteristics of :his layer i s  such th2t 
it brgirs io lcse its sirutttltal iztegrity at a  temperatux 
wnich i s  higher  than the t c z p t r a t x e  at uh ich   t he   ozx r  
aluminum  shell 5egins 10 lcse its strJc:urzI  integ*r): 
(melting  :en?erzture). "3 

0ve:Iyir.g rhe izner  surface of the interior shell :here 
is provided a layer of adhesive 20. T n e  formed 5iI:r 
inserr 11 hsvinz  interstitisi  openings  throughout I S  sc- 
cured wi th in  :he inner shell b y  zdhcsive.  Tnis adhesive 
is chosen ior quziities o i  both  th:n,al :rar.sier a n c  hy- 1: 
droca;bon r:sistznc:. 2nd satis:'2crory results :?a\.e k r n  
obtained u*i:h zn adh:siw b o u ~  as EC 7 7 6  n z n u f ~ c .  
w e d  by the fM CoToretion. 

AS best seen in FIG. I the riiler 12 is secured Acne ::s 
oarcr suc-ace to the inner shell coating 20 to fcm 13 10 
internal ;e:niorz:mtnt to the ::?in inner she!]. T z e  
unique  function of this zDp2.rzrus in a high n:31 en\'lron- 
men1 is d::cmined by  this  combination of shei!s of 
aiifering  melting  temperatures. A s  the tncpcra:~:: 
around the unk rises. the unk absorbs  the  neat in : x  15 
outer sheli in the  firs ins.tanc:. .As the  tcnperarure of a 
Iod ized  ?orrion of the  ii_phtweignt  aluminum 3z t r r  
shcU rises, the inner shell proximate to that hot s;ot 
heats up  but also transfers h:at larerally  throughout :>e 
inner  shell layer 25 well as venicaily to the inrenor af < 
the *ank throush the :'iller insen. To tSc exwnt :kat h e x  
is cmsi tned  through  the  inntr  2nd outer sh:iis. ::e 
adhesive snd the m s h  insen carry the  hear IO :he ::- 
r n h d e r  o i  :he ;ank. .4s :cmpzraturcs  continue :: ~ : e -  
vate and u k r :  thc out:: shell z??roachs  its ::::xi A! 

neiring remperztur:, :ht inner sheil c m t i n u s  t 3  : e - . ~ x  
intact cue to its higher mtlting temptraturr. Tzis f;: ;..t 
inner she!l. csing  the ldhrrcd n e s h  inserr as s:F:::--l; 
suppon. Fmctions to temporarily resist :he nign ;::E.-& 

prasurts  encounttrcd dur;,ng 5: failure of :he : -.:: ': 
Shd. 

Producdon of tne  ;iller mesh  insert of the ;-zIz-: 
invention is accomplished ( a u x d i n g  to oc:hocs T : 
known in the m) by foming it f roa  a  flat sh": - 2t 

shown) wnich is providedwith spaced precisely C;T;L:- ! ! 
sioned  siiu. T h e  periphery  of  ;he sheet is then ?';::e: :: 
expand the openings to produc: the expanded shra :f 
FIG. 3. Rolling  or sucking of :he ex7anded s h e s  f 2 z . s  
the filler insen  ior the w k .  In order to prevent nes:::~ 
of the neighboring  layers of the expanded shett, a sh::: bo 
50 is fomcd with a array of formed  openings of c::7:r- 
in5 dimensions (a pattern  of  small 52 and large 54 opm- 
ings). Tnis sheef or  multiple she::s, m2y :hen  be roiled 
or srack:d together, such  that  adjacent  openings  do  not 
match-up;  the rrmsvefse edges surrounding ;he open- 6 5  
ings interfere with one another to prevent nesting. .An- 
other version of the above consists of interleaved  layers 
of shms with  each sheet having  uniform  openings  but 

- 
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zn inner  shell azxed  within  said outer shell to pro- 

uherein. the temperature  at ushich  said inner shell 
vide a  secondary  uall of the  container; 

begins to lose its structural  integrity is higher  than . 
the conesponding  temperature of szid outer shell; 5 
and 

a filler insen  fonncd to substzntially confozn to the 
shape of rhe conuiner  and  adhered to szid  inner 
shell. 

2. T h e  explosion  resistant container of claim 1 10 
wherein =id inn:r shell is comprised of a !aye: of  alumi- 
num oxide. 

3. The explosion  resistant container of c!aim 2 
wherein  said  filler insen is comprised of multiple  layers 
of th:,mally conductive sheet h2ving formed openings 15 
of  differing  dimensions in each  layer  theitof, upherein 
adjaxat  layen of said shett  are  arrznged  such thar  said 
form:d openings of differing dinension are juxtaposed. 

4. The cxplcsion  resistant  container of claim 3 
uvherein szid nultiple  layen of thern;zlly  conductive 20 
shea  are fomed  irom  a  rolled  sheet of expanded  rncxl- 
lic foil having said formed  openings of differing  aimcn- 
sions, wherein said openings of differing  dimensions  are 

I5 

. 6  
juxdpose  u*hen said  sheer is rolied 10 fom said filler 
insert. 

5. The explosion  resistant conxiner of c!aim 1 
wherein szid inner shell is comprised of a  hydrocarban 
compatible fiber and resin  composite. 

6. Tfie ex7losion  resistant contziner of claim 5 
uherein szid filler insen is comprised of mulriple 12y:rs 
of themally  conductive sheet hr\*ing f o m e d  o?enin_rs 
of discring dimensions in each 12yer rnereof,  u#herein 
adjacent  layers of  said shect are  arrznged  such  that said 
formed  openings of differing  cirncnsion 2re jux:rposed. 
7. T h e  explosjoa resis:ant containet of claim 6 

wherein said  multiple  layers of rhc.mally conducri\,e 
sheet a r e  iomed from 2 rolled  sheel of expanded mcral- 
lic foil having said fo,med  openings  of  difiering  cimen- 
siors, wh:rein said opezings of aiffeeng  dimemion are 
juxtzpose when said shett is rolled IO f o m  szid filler 
insen. 

8. The  explosion  resistant  container of ciaim 1 fuzher  
comprising 2n expendable  ablative  interpcscd b:tu.ezn 
said  filler insen and szid inner shell. . . . . .  

30 

50 
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(571 ABSI’UCI’ 
Explosion-preventing tank safety  elements USE) are 
provided for Nling containers for explosible fluid and 
gas media while  avoiding enlarging,  transforming, cut- 
ting or welding  the tanks. The loading of the elements is 
possible  simply  through the filling pipe or outlet open- 
ing of each  container. 
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SYSTEM OF SAFE'IY TANK ELEMENTS 
PREVEhTXNG EXPLOSIONS 

dong  their  adjacent  ponions  at  sufficiently  many  places 
so that  there  does  not  occur an interruption of the  heat 

a " condyction  or  electrical  conduction  and  thus  a  reduced 
This application is a continuation  of U.S. Ser. No. explosion  protection. 

713.727, filed as PCT ATWoQO22  on June 18, 1984, 5 In  spite of the  principally  existing  possibility  to  con- 
published as w085/00113 on  Jan. 17, 1985,  now  &an- struct  the fill elements  totally  different,  it is particularly 
doned. advantageous if the fill elements  are  provided  with  a 

FIELD OF THE INVENTION plurality of diverging  plates.  It is possible in this case  to 
n e  invendon  relata  to fill elemenu for c o n a l e n  insen  the  brushlike fill elements t h o u g h  an  inlet  open- 

for  explosible  fluids  which  have  at least one inlet or '' ing, even if they  have to be  compressed  temporarily 
outlet opening, for  the  creation of a  heatconducting or 
electrically  conducting  structure in space. 

BACKGROUND OF THE INVENTION 

tion has become known to  include in containers  for 
explosible  fluids a spatial  metal  grid  which  prevents 
loca l  overheating by  rapidly  conducting  away  heat  and 
thus making the conuiner explosion-proof.  In  the 
known device,  the needed grid is constructed of  layers 20 
of metal mesh rolled up like balls of cloth  and  intro- 
duced  during  the  manufacture of the tank into w e .  
The necessity to provide  the tank with an explosion- 
proof  safety  device  or,  however,  to  cut  it  open  to  insert 
the  metal  grid  and  to  then  re-assemble it has  the  result 25 
that  the  mentioned  suggestion  was  hardly  practical so 
far. Mainly,  it  was  not  possible  to  protect gas containers 
or gas bottles against  explosions  by  a  heat-conducting, 
spacial metal grid, since  here an insertion of the  grid 
during  the  manufacture  would  be  difficult and a  subse- 30 
quent  insemon w o d d  not  at all be  permissible  due  to 

SUMMARY OF THE I N V E N T I O N  

of  containers  for  explosible  liquids or gases explosion- 
proof  without opening or  even  removing  the  container, 
for  eximple  withouiremoving  it  from  a  vehicle. 

This goal is achieved  by  the  dimensions of the fill 
elements  exceeding in at  most  one  direction  the  diame- 40 
ter  of  the  largest  opening  of  the  container.  In  this  man- 
ner, it is possible to insen  the fill elements  subsequently 
into  the  finished  container,  which  thus  represents  the 
basic  concept  of  the  invention. 

materials which  on  one  hand  assure a quick  heat  con- 
duction or electrostatic  conduction  and  on  the  other 
hand  give the  elements  a  structure  which  makes it possi- 
ble to divide  the tank interior  into  small a r e s  with only 
a  slight loss of  usable  volume. 50 

Aside  from aluminum. in particular  anodized  alurni- 
num. s t a i n l e s s  steel or tin  foil can be used;  for  the  berter 
chemical stabiliratjon it is possible to coat  these  metals 
with  galvanic  layers.  However, it is also possible  to use 
plastics  like  polyurethane or polysulphone as long s 5 5  
their  conductivity is increased  sufficiently,  for  example 
by  adding  graphite. 

The plastic  parts  c3n  thereby  be  produced by injec- 
tion  molding,  cutting,  casting or  stamping  techniques. 

Basically, many different  shapes  of fill elements  can 60 
be used for  carrying  out  the  concept of the  invention. 
The elements.  which  are  jmcrted thrpygh-th.5 .inlet o r  
oytle? o p , e ~ o t h ~ - c , o n t a i n c r ,   w h i c h   r e m a i n y h -  
stalled.  must occupy  at least  the  whole  free gas volume 
of the  tank, and thus  not  be  appreciably  compressed 65 
under  the  influence of movements of the  tank  contents 
and  of fill elements  which lie thereabove.  On  the  other 
hand. adjacent fill elements  must  touch  each  other 

Particularly  from U.S. Pat. No. 3,356,256, the  sugges- 15 

' the  panial  destruction of the  container. 

The  primary goal of the  invention is to  make all types 35 

The  inventive fill elements  can  be  made  of  various 45 

during  the  insenion. This is particularly i m p o ~ & t  dur- 
ing the  loading of gas containers  with  a  narrow  open- 
ing. The  platelike fill elements  assume  again  their ongi- 
nal  shape  inside of the  container;  they  penetrate  through 
one  another in their  areas  close  to  the  surface,  whereby 
their  mutual  approach is limited  to  the  necessary  de- 
gree. In  panicular,  for  cube-shaped  containers, it is 
possible to introduce  a  single  large  brushlike  cell utiliz- 
ing its  elasticity,  which  then fills the  entire  container 
interior.  It is easily  possible to  achieve  on  the  one  hand 
by,  adjusting  the  numbel:  and  dimension  of  the  plates, 
the  necessary  heat  bridges o r  electrically  conducting 
chains  between  the fill  elements, whde  on  the  other 
hand  the  total  liquid o r  gas volume  which is displaced 
by the fill elements  remains in the  order  of  magnitude  of 
approximately  1.7%-3%  of  the  container  volume. 

Rolling  movements  due  to m s s  inenia  are  sup- 
pressed  by  the  elements. 

Even  though  the use of fill elernenu  with  diverging 
bunches  of  plates is advanrageous, in that  such  dry  cells 
can  be  introduced  through  inlet  openings  which  can 
only  be passed through  deformation of the  bunches, 
other  cell  shapes  can  by all  means also be used accord: 
ing to the  invention. In as far as metal  eiements  are  used, 
particular  attention  was  given  here to shape  these 
through  a  suitable  folding,  which  on  the  one  hand as- 
sures  mutual  contact of the  elements  at as many  points 
as possible,  and  on  the  other  hand  prexenrs  their col- A 

lapsing  at  the  bottom  of  the  container.LTe  number of 
gmm-e&cal shapes -wh,ich -a!~ gossiblc in &IS sense is w~ 

practically  unlimiTid,  since t h i n  meral plates can be i . 
connected  with  one  another. nested  into  one  another. ' 
folded in a z i q - ~ . h a p e , ~ ~ o n s t r u c I e ~ ~ p i r a i - s h a p ~ d . Z I  
Also, spherical  shapes  which  arc  created by forming 
balls of foil can  be  used, as long as the foil is sufficiently 
perforated in order  not  to  prevent  the filling of [he 
container  with  fluid. 

An  imponant  additional  difference  relates ro whether 
the fi-oduced into-r_heco?!_alpers 
individual  pieces o r  in cptinuous  stnps.  I f  the  elements 
consist  substantially of a  plastic  foam.  they w i l l  gener- 
ally  be jnsened  in the form of  small  balls or cubes. 
Whereas, in particular,  the  previcusly  mentioned 
bunches of  plates are  arranged in a  prscrlcal  manner  on 
one or several  wires  and  are  introduced on same  conrln- 
uously  into  the  container. 
For example.  the  safety  clement  \\.hich is based on 3 

center  axis  formed  by  one  or  two  wires  can be produced 
in such  a  size  that  the  introduction of only  one  large 
element is sufficient to ensure  the  saiety of a fuel tank. 
tanker.  etc.  This  has  up  to  now  the  unnvalled  advantage 
that  the  large  elements  c3n  subsequently  be  removed 
quickly  and  easily  from  the  tank.  which is important  for 
the  cleaning  of  the tank. 

In addition. by varying  the  size oi the  elemenrs. CUS. 

tom-made  and  inexpensive  solutions  to  problems  c3n be 
achieved. 
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3.  REQUIREMENTS 

3.1 Qualification. The material  furnished under this specification 
shall be a product w h i c h  i s  qualified  for  l ist ing on the  applicable 
qualified  products  list a t  the time se t   fo r  opening o f  b i d s .  

3.1.1 Requalification.  Before any change i s  made i n  the Composition 
or fabrication  process o f  the f i n a l  product,  the  contractor or manufact- 
urer shall  contact  the qual ffying  activity  to determine i f  requal i f i c a t i o n  
f s  required. 

3.2 Materials. The aluminum al loy  foi l  used in producing the expanded 
metal mesh shall conform t o  the Aluminuii Association,  Incorporated 3003 
HZ4 o r  3010 H 2 4 .  The Grade 1 foil shall be untreated. The Grade 2 fol l  
shall be coated  with a chromate conversion  coating conforming to MIL-C-5541. 
The f o i l  shall be s l i t   longi tudina l ly  such t h a t  the  resultant web, when- 
expanded la te ra l ly  forms a mesh of hexagonally shaped openings. The expan- 
ded foil shall be folded t o  form a b a t t  having  small cont iguous apertures. 
The product  supplied under this  specification  shall  be o f  the same q u a l i t y  
and  manufac tur ing  process a s  t h a t  used i n  the  qualification samples. The 
end product shall be expanued mesh w h i c h  i s   sui table  f o r  use i n  a i r c r a f t  
fuel  tanks t o  suppress  pressure b u i l d  u p  and  explosions due t o  i g n i t i o n  
o f  vapor/a i r m i  x tures . 
3 . 3  Physical properties a n d  character is t ics .  The physical  properties a n d  
characterist ics o f  the  suppression material shall be i n  accordance w i t h  
Table  I .  

3.4 Combustion overpressure ( E x d o s i m  Suopression). The combustian 
overpressure shall be as  follows: 

Type I :  Maximum combustion pressure  increase  shall  not exceed 20 
psi when comburtion volume (Vc) = 5 Volume Percent: - Initial  Pressure ( I p )  = 3 ps ig .  

Type 11: Class A ;  Combustion pressure  increase  shall no t  e x c e e d  
20 p s i  when  Vc = 5 Volume Percent and  I p  = 3 psig. 

Class 6:  Combustion pressure  increase shal l  no t  exceed 
15 psi when Vc = 10 Volume Percent and I P  = 3 p s i g .  

Type 111: Class A: Combustion pressure  increase  shall no t  exceed 
18 p s i  when Vc = 10 Volume Percent and I p  = 3 psig. 

Class B: Combustion pressure  increase  shall no t  exceed 
15 p s i  when Vc = 10 Volume Percent and I p  = 3 p s i g .  

3.5 Slash testfna. Slosh  testing i n  accordance w i t h  4 . 4 . 1 . 9  a n d  4 . 4 L N  
respectively, shall be cyducted on tanks packed w i t h  the cxplcsion S J P -  
pressfon  material, A t  the end of each t e s t  the bat ts  o f  material s h a i  i be 

3 
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carefully removed for  inspection. The physical integrity o f  the b a t t s  shall  
be maintained and batts should not shrink more t h a n  2 percent  in any dimen- 
sion. Total  suppression  material breakdown in any o f  the  tests  shall  not 
exceed 0.3 percent by weight . o f  the  total  material  installed.  Abrasion  to 
t a n k  coating and sealant  materials  shall be minimal and the effect   not be 
detrimental t o  the normal operation o f  the  fuel system. Any abras ion  t o  
the tank wall  should no t  be significant enough t o  have an adverse  influence 
on the fuel  tanks performance. 

3.6 Dimensions 6nd to1 erances . 
3.6.1 Standard b a t t  s ize.  Unless otherwize  specified,  suppression  material 
shall  be produced i n  standard  size b a t t s  of  the  size, 36 x 22 x 12 inches 
(91.4 x 55.8 x 30.5 cm). 

3.6.2 O p t i o n a l  b a t t  s i z e s .  When specified, b a t t  sizes  shall be  made G f t h  
the following maximum dimensions: 

Type I :  37 x 36 x 18 inches (94  X 91.4 x 45 .7  cm) 

Type 11: Class A: 42 x 36 x 18 inches (106.7 x 91.4 x 45 .7  cm) 
Class 6:  38 x 36 x 18 inches (96.5 x 91.4 x 45 .7  cm) 

Type 1II:Class A: 44 x 36 x 18 inches  (111.7 x 91.4 x 45.7 cm) 
Class 8 :  39 x 36 x i8 inches (99  x 91.4 x 4 5 . 7  un) 

3,6.3 Tolerances.  Production  tolerance  limits on standard and optional 
b a t t  sizes  shall be as  follows (See 6.3) :  

Length : +1, -0 Inches ( + 2 . 5 4 ,  -0 cm) 
Width: + 1/4 inches ( +  0.64 cm) 
Thickness: - + 1.8 inches (E 0 .32  cm) 

- 
. 

3.7 Identffication o f  Product .  The suppression  materfal  shall be sealed 
In a clean  polyethylene bag a s  i t  comes o f f  the  productlon  line. A l a b e l -  
ed card shall .  be provided inside the  bag w n i c h  clearly  identifies  the 
manufacturer's p a r t  number, date of manufacture,  production r u n  number, 
batt number and s ize .  Vhen applkable,  the  goverment  contract o r  order 
number shall be included. There shall be nc c o l w  coding or marking on the 
b a t t  surface. 

3.8 Workmanshi . The suppression  material  shall be fabricated i n  accordance 
w i t h  + gh-grade  manuyacturing practices  covering  this type o f  material. The 
material shall  be sui  table f o r  i t s  intended use and free o f  defects which 
may affect i t s  performance. I t  shall be o f  a uniform appearance and f ree  
from tears . 
4. QUALITY ASSURANCE PROVISIONS 

4 , l  Responsibility for Inspection. Unless otherwfse  specified i n  the con- 
tract or  purchase  order, the contractor  is  responsible fo r  the performance 
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This  Is the final report f o r  an experfmental study uf t h e  protection 
afforded by the  Safety Guard Corporation  Safe-T-Foil  material used In rnarfne 
g&sollne cans. The t e s t s  t h a t  were conducted demonstrated that Safc-T-Fofl 
signlflcantly reduces or c1lrnlnates thc  exploslon hazard o f  marlne gasoline 
Cans exposed t o  a sustalncd external f l r e  such a s  from a gasolhe splll. The 

t e s t s  a150 demonstrated t h a t  Safe-1-Foil sfgnlflcantly reduces or ellminntcs 
t h e  potentla1 for explosjorr of thc marjnc gasollnc cans t e s t e d  when penetrated 

by (L ballistic lnccndlnry round. IfTRI s t a f f  partlcipnting i n  t h e  testlng 
Included Carl Foxx and Rfchard Joyce. Ronald Pape provlded support I n  t e s t  
planning nnd documentatlon. Ronald fenton o f  Safety Guard was present d u r l n g  
the  t e s t s  and guided the choice of  t e s t  condltlons. 

Respectfully subrnltted, 
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Ronald Pnpc 
Manager 
Explosion Sclencc Sectlon 
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Safe-T-FoJ 

Safe-T-Fo4l I s  a product made by tnc Safety Guard Corporatlon. I t  f s  

deslgned t o  cllmlnate or rlgnlflcbntly reduce the potentlal for exploslon o f  

flanunablt llquldr and gases I n  thelr storage containers when exposed to 
hazardous envltonsents such as external f lrs  and ballistic penetrat jon.  Safe- 
T-Foll js essentlally a low d e n s i t y  metal mesh fllltng the  volume of t h e  

storage vessel being protected. 

There a r e  three haznrd scenarios o f  concern w i t h  respect t o  t.he potentlal 
for explosfon of rnarfnc gasolfnc cuns. These are (1) sustained external f l r e  

exposure of a can fflled L c i t h  a gaseous fue l -a l r  rndxture, (2) balljstlc 
penetrdtion o f  a can f i l l e d  w l t h  an exploslve fuel-air mixture, and ( 3 )  LI 

B L E V E  (6o i l in .g  Llquld Expanding Vapor Explosion) of a t&nk cont4lnIng a 

sfgnlficant amount o f  l l q u l d  gasollne placed In d sustatned external f l r e ,  

Calculations were performed t o  estimate the exploslve looding produced 
Wlthln t h e  gasoilne cans i f  a stolchtometric gasoline vopor-eir mixture should 
react wlthln the cans.  The calculations were based on Octane t o  represent  6 

typical g a s o l l n e  mixture. I f  4 classical detonation wave gevelops w i t r , l n  a 

gasollne can, t h e  peak s t a t i c  pressure would be about 275 p s i a .  Thls would be 

the peak pressure on a pressure wove travelling across the can volume a t  about 
2000 m/s. A f t e r  several wave reflecttons (or a f t e r  u constant  volume reactlon 
of the mlxture inside the cnn) t h e  pressure w l l l  equfllbrate to about 130 
psig, These gasollne cuns have been statrc pressure tested and show 

significant darnnge a t  about 30 ps lg .  T h e r e f o r e ,  If an explosive r e e x t i o n  
occurs within these marine sasol tne cans, signlficant damage would be expected 

t o  occur. 

" 



Safe-T-Fol l  should Improve t h e  safety for 411 three hazard scenarios 

rnenttonecl above. For u sustalned f f r e  exposure o f  an explosive vapor f 1 1  lad 
tank, Safe-Y-Foll should s i g n l f k a n t l y  increase t h e  t lme before bn lnltlatlon 
H i l l  occur. Safe-7-foll should prevent reactlon propagat#on Inside a gasoline 
can whether I n i t l a t e d  by sustalned f f r e  exposure or by balllstlc penetratfon. 
For a BLEVE, Safe-T-Foil should s e r v e  t o  lengthen the tlmc before the  Ilquld 
InsIde the  tank heats  u p ,  vaporjzes and bullds pressure  t o  the polnt where the 
Can exploder dues to h lgh   In te rna l  yressure and thermal weakening of t h e  tank 
wall  I 
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2. PRINCIPAL O f  PERFOWWCE 

An expanded metal m a t r l x  Inside o f  a gdsollne can reduces the ewplacfon 
hazard lrr several ways. Flrst, f o r  an e x t t m e l  f ire  exposure, the met81 

matrlx $ignlf!Cantly increases the  e f f e c t h e  h e a t  capac i ty  of the fnternal 
gasoline can volume. The irnpllcatlon of fncreaslng the heat  capacity I s  t o  
519nlfic~nfly IncreoSe the  energy requtred t o  h e a t  the spaces lnsfde the can 
t o  t h e  p o l n t  o f  fgnlt!On of any reactive fuel-air mixturc wlthin the  vesse l ,  
The energy Input required t o  h e a t  the spaces I n s l d t  a can increases by the 

rat40 ~%letal-vapor /(MClVapor when t h e  m e t a l   m a t r i x  I s  added to these cans, 
where MC 1 s  the effecttve heat capacity (muss t i m e s  speclfic h e a t }  of the 
materials. For t h e  cans tested,  t h i s  fector  i s  estlmated t o  be approximately 
20 t o  30. In other words, with Safe-T-Fall, I t  should take  about 20 t o  30 
times more energy input t o  h e a t  t o  t h e  exploscon temperature. 

The ectlial process of heatfng t he  gasoline cans I s  an extremely conplex 
heat t rader  problem, I n  r e a l i t y ,  the thermal ignltlon process occurs at or 
near t h e  wall o f  the  gasoline can because t h i s  1 s  t h e  hottest surface. For 
gasollne cans wl thou t  Safe-T-Foil, an Internal convec t ive  flow w i l l  develop 
and help t o  remove heat from t h e  h o t  vralls o f  t h e  can, f o r  cans contafnlng 
Safe -T -Fo i l ,  contac t  Of the f o l l  wlth the wall w i l l  help t o  cool the  w a l l  by 
conduction heat transfer. For any heatlng process controlled by conduction, 
the rate of heating Is characterlzed by t h e  molecular dlffuslvlty o f  heat  a ,  
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the metal matrlx mny or may not inhlblt t h e  temperature r ice  IncIde the  can 
due t o  external heating, dependlng on whtther hent capacity or conduction 

doml nates 

A prhndry beneflt of Safe-T-foll Is t h a t  I t  will Inhibft the propagatfon 
of bfl energetic reactlon (deflagrntlon or detonation) w i t h f n  the garollne c b n  
If l g n l t l o n  does occur, either by e x t e r n a l  h b t l n g  o r  by Incendiary b a l l l s t k  
penetration. Thfs flame propagatlon lnhtbltur property o f  S a f e - T - f o 4 1  4s 
Illustrated by CL simple model. A s fng le  Idealized channel w j t h f n  an Safe-1- 
Fol ' I  rnotr ix  1 s  shown In Figure 1 w i t h  (L f \&me propagating through t h e  
channel. It' the flame I s  vlewed as  a c o n s t m t  thickness (A) unlform 
temperature  chemtcai reaction zone movlng a t  constant propagatfon veloc!ty k f ,  

than an energy balance On the moving s l a b  leads t o  the following est ' lmate f o r  

the flame temperature (T f )  h ls tory .  

Energy Addition Energy E x t r a c t h  

where is t h e  gas densfty, 0 I s  t he  channel dlameter, Cg I s  the gas speclfic 
heat ,  H f  I s  t h e  reactlon enthalphy, h 1 s  the  c o n v e c t l v e  h e a t  transfer 
coefflcfent, I, i s  the i n i t l a 1  t e m p e r c t u r e  o f  the metal  mesh and flammable g a s  

mixture and ' fg fs the I n l t i a l  f l u e  t c r p e r a t w e .  The f l r s t  term on the rlgnt 
represents energy addltlon by reactlon a n d  t h e  second t e r n  represents energy 
loss by heat transfer t o  the  c e l l  w a l ' .  3 3 1  t e r n s  h a v e  the same tlme 
constant I n  thJs  model: 

Q 
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I ’  

Propaga t i ng 
Flame 

Channel i n  Cell 
Contsining Flamble  
Gas Mix ture  

Figure 1, Idealized model for single channel f o r  flame propbgatlon 
withln Safe-T-foll matrix. 
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I t  should a l W  be bcneflclal t o  maxfrnftc the  r a t l o  o f  energy absorbed by 

t h e  ce l l  v a l l  to  energy released i n  t f ie  cell volume: 

NJhere p s  1s  the metal cknslty,  6 1s  the c e l l  wrl7 thickness. (rnd c ,  IS the 
metal speclflc heat ,  Thls Indlcates t h a t  t h e  rnetsl c e l l s  should m6ximtZe the 
ratlo of cell wall thickness t o  ce l l  dlameter, 8 s  well as rnaxtlmlze the wall 
hes t capac 1 t y  ( o$,) b 

A comprehensive lnvestlgatlon o f  t h e  Safe-T-Foll concept was conducted by 
the Cbnedlan lxplorafe D l v i r i o n ,  Vulcan Industrhl  Packaglng, Ltd. for the 
U . S .  Alr Force* f o r  alrcraft fuel  tank protection. Yhat  study determlned a 2 

mil f o i l  thickness and B packlng denslty of spproxlnetely 2 l b / f t  t o  be 

optlmum, These speclflcatlons were chosen f o r  the Safe-1-Foil used l n  the 

marine gasollne cans t e s t e d  In t h l s  program. 

3 



Two 5 e r l e s  of t e s t s  have been perfomed a t  IIT Research Instltutt's Gary 
Indlanu Flre Laboratory. The flrst s e r l e s  of tes ts  was t o  verify t h a t  Safe-1- 
f o i l  reduces the eKplosion httzard of marine gasollne cans fqlled cl.lth an 
explosive gaSo11ne vapor=ab mlxture when penetrated by a balllttlc incendfary 
round, The second Serlcs o f  tes ts  Was t o  verlfy t h a t  Safe-T-Foil reduces t h e  
explosion hazard of these same gasol ine c&ns exposed t o  an external sustained 
flre, 

3.1 BALLISTIC IHCEHDXARV PEWETRATIOW TESTS 

Test  SetUg 

The physical arrangement for the balllstfc penetration t e s t s  I s  shown I n  
Flgure 2 ,  These t e s t s  were stmply shooting an 50 calfber incendlary round 
l n t o  each can t h r w g h  I I  114 inch t h k k  a l u m h u m  plate t o  cuuse l g n l t l o n  of t he  

incendlary prlor t o  penetratdon i n to  t h e  gasollne can. The gasollne cans were 
filled w i t h  B flammable mlxture of gasoline vdpor and ~IW, 5 ml of gasotlne 
for the rnajorlty o f  the trials. 

Dlagnostlcf 

The d f 8 g n O S t k S  for these t e s t s  was simply vltieo camera coverage. 
Exploslon o f  the gasollne c m s  was clearly I d e n t i f f a b l e  from t h e  vldeo record. 
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f tgure 2. Balllstlc penetration t e s t  setup. 
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T e s t  S e t q  

The phyolcal arrangement f o r  the pool f l re  e K p o w r 3  t e s t s  Is shown I n  

Figure 3 .  Each SIX ga l lon  rnarlne gasollne can was placed In a shallow pool of 

lfquld gasolfne, repreeentlng dn acctdentcrl sp171. The cans were each filled 
wlth 5 ml of gasoline, whlch when vhpor iz td  produced a f l m a b l e  fuel-air 
mlxture wlthln the can. These t e s t s  here tach begun by Initlation o f  t h e  

gasolfnt? l n  the  shallow pan using an e l e c t r k  squib t o  Ignite 4 bundle o f  
matches posftfoned just  above the surface of  the  gesollne I n  the pan, 

D l  agnost ICs 

The d1agnoSttcs f o r  these experlnents c o n s i s t e d  of real time vldco 

coverage, f t v e  thermocouples, and pressure hlstoty {nslde the can. l -he t l v e  
thermocouples were located as descrfbed below: 

1 thermocouple inside the can, halfHay ~p from the 
bottom, penetrating through t h e  threaded connectqon 
prodded In the  top of the can. 

2 thermocouples tack welded to t h e  outer  wall o f  the 
can, a t  1/3 and 2/3 of t h e  Can helght from the bottom. 

2 thermocouples I n  the pool f i r e  flame 1" f r o m  the can 
w a l l ,  a t  1/3 and 2/3 o f  the can h e i g h t  from the 
bottom. 

Test Sequence 

An I n i t l a 1  series o f  pool f l r e  t e s t s  were conducted w l t h  gasollne cans 
t h n t  d l d  not contain Safe-T-Toll. The  DurDcse o f  the I n i t i a l  t e s t s  was t o  
establlsh (I baseline condftlon under ~ h ' c h  ?he unprotected cans wlll 
explooe. Bared on the ~ n i t l n l  serles, t - e  ;potccted gasollne cans were each 
exposed t o  the same type o f  flre for an extended tlme. 

- 
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,, S t a t i c  Pressure 
Top fnr lnterna 
Pressure  

F lgure  3.  P o o l  f l r e  t e s t  setup. 

. 

IIT RESEARCH INSTIT UT€ 

10 IITRI Report C08999-f 



1. TEST RESULTS 

4 . 1  BALLISTIC TESTS 

Seven b a l l l s t k  penttrstlon t e s t s  were performed. These t e s t s  were 
unlnstrumented. Evaluation of these t e s t s  results were based on v l s u a l  

obserubtlons, post t e s t  gasollne c m  d@rnagc, and thc vjdeo coverage. 

The first two tests were on unprotected gasoline cans, f i l l e d  wlth 

of g a s o l i n e  I n  each case. In both cases the  c m s  exploded, wl th  the pri 
5 ml 
mary 

f a i l u re  at t he  seam beteeen t h e  can bo t tom and the rnhln body o f  the can. A l l  
the other  t e s t s  involved protected cans. None o f  the protected cdns 
exploded* After  each test, these cans remalned I n  thelr o t l g i n a l  posltlon, 
w i t h  the  only perceptable damage be lng  u bullet hole  and black1 scorch mark 
surrounding the bul le t  hole.  I n  T e s t  7 (1 liter o f  g a r c h e  i n  c a n ) ,  a 

c!elByed f l a s h  o f  light was observed, b u t  the gasol lne can d i d  not sustaln any 

add1 t ional  damage. 

S i x  pool fbt t e s t s  were performed. T e s t s  8 bnd 13 were baselfne trials 
using unprotected g a s o l h  cans. In Test 8, t h e  can exploded after 68 
seconds. In Test 13, the f 111 cap was blown o f f  (prematurely) a t  51 seconds 
resdtlng i n  the r a n  belng knocked o f f  o f  I t s  s tand I n  t h e  pan. All  of the 
pool f j r e  t e s t s  wi th  protected cans Invo lved a flannnablc vapor-air mixture  I n  

the can (5 ml of gasollne). No explosions were observed i n  any o f  these 
t e s t s .  A l l  o f  these gasoline cans vented t o  the atmosphere after several 
mlnutes when the f i l l  cap gasket failed. Thls cKpd1ed t he  flammable fuel-oir 
w1Atur-e Prom the can, c l imfnat jng  the ha7crrA. 
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T e s t  
NO. 

1 

- 

2 

3 .  

4 

5 

6 

7 

8 

9 

10 

11 

L2 

T e s t  
Type 

Ba l  llstlc 

Oalllstlc 

Batllsttc 

Balllstlc 

Bal l  I s t l C  

B a l l l ~ t l ~  

Ra11lstlc 

Pool Fire 

Pool FIre 

Pool f i r e  

Pool F i r e  

Pool W e  

13 8 Pool FIre 

Protecflon 

Unprotected 
(bare1 I ne) 

Unprotected 
(baseline) 
Protacted 

Protected 

Protected 

Protected 

Protec ted  

Unprotected 
(bare1 1 ne) 

Protected 

Protected 

Protected 

Protected 

Unprotected 
(base 1 4 ne) 

FoI1  
Welght 

O f J  

0 9  

1000 g 

1000 g 

819 g 

1055 g 

1020 g 

o g  

871 g 

886 g 

1000 g 

1091 g 

o g  

c Results 

Exploston 

Explosion 

No explosion 

No exp 1 us ton 

No exploslon 

No exploslon 

No exploslon, 
b u t  late tlme " 

f 1 ash occurred 

Explosfon a t  68 
sec 

No explosion 

No exploslon 

No exploslon 

No exploslon 

F t l l  cap blown 
o f f  a t  51 sec 
(mtnor exploslon)  

s Verlflcatlon of Fol l  W e f q g  

hdlcated Measured 
Gasol Inc  Can Specff 1catfop fo i l  Has5 Fol l  Mass - €rror 

6 975 gm 972 gm 0.3% 

C 1029 gm 1022 gm 0.6% 
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The t h e r f n O C O u p h  and pressure transducer readlngs are presented i n  

Figures 4 through 9 f o r  T e s t s  8 through 13, r e s p e c t i v e l y ,  I n  each case, the 
top graph presents  the extern&\  temperatupes (the f Ire temperatures a t  2 
levels and the gasoline can outer w a l l  temperatures a t  2 levels). The rnlddle 
grapn Is t h e  temperature history recorded a t  the mid-height urlthin the can, 
end the bottom graph 1 s  the Intcrna'l can pressure. 

When t h e  temperature and pressure historics from T e s t  8 (unprotected can 

which exploded) are cotnayred t o  those of the protected cans, the responses o f  
a11 t h e  cans are seen t o  be similar, Cven (n terna l  tempcrature and precsure 
were comparable. This  h d i c n t c s  t h a t  the domlnant mechanlsm f o r  exploslon 
prevention 4s probably the abl ' l i ty  of the metal mesh t o  prevent reaction 
propdgatlon, as Opposed to lncreaslng t h e  heat  capaclty o f  t h e  can. T e s t  13 
(unprotected can f O r  whlCh the f i l l  cap blew o f f )  does show CI sharp rr5e in 
temperature j u s t  before the f i l l  cap blew o f f  the  can and relleved the 
Intern41 pressure. 

llT RESEARCH  INSTITUTE 

13 I I T R I  R.eport CO8999-F 



1 I 

TrrrOrrrturr ( C )  

100 

0 

Flgurc 4. T e s t  8 r e s u l t s .  
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feqwrrture (C) 

0 

. 

ffgure 5. T e s t  9 results. 

P n r r u n  ( p t l g )  

15 
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200 
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F l g w t  6, Test 10 results. 
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0 0 40 80 I20 160 
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h s s u r c  ( p t  19) 

Figure 9. Tes t  12 results. 

" 

IIT RESEARCH INSTITUTE 

19 IITRI Report  C08999-F 



5. CONCLUSIONS 

Based  on  the  experiments  performed  under  this program, the  Safe-T-Foil 
material  showed  a  definite  reduction in the  potential f o r  explosion  of  the 
marine  gasoline  cans  that  were  tested,  when  these  gasoline  cans  are  exposed  to 
a sustained  external  fire or penetration by a 50 caliber  incendiary 
projectile. It must be noted that  these  gasoline  cans  were  tested in most 
cases  containing  a  flammable  mixture o f  gasoline  vapor i n  air. This  should  be 
the  worst  case  for  an internal explosion  due to chemical  reaction.  Safe-T- 
Foil is  expected  to  provide  the  same  type o f  explosion  protection as was 
demonstrated in this  program  to any gasoline  can  of a similar  type. 

IIT RESEARCH INSTITUTE 
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ABSTRACT 

An analysis was conducted of the data collected  by Packer 
Engineering,  Inc, for each of the supplied propane test  tanks. 
Appendix A is a series of tables developed in order to analyze the 
test data. Appendix B is the basic  data  and  associated graphs 
presenting the  tank pressure (regulator upstream) as a function of 
the elapsed time  as presented  by Packer Engineering,  Inc, 



CONCLUSION 

1) LPG tanks with  foil  inserts  perform  differently  when 
compared to LPG tanks with-out  foil 

2) The overall  weight of the  tank (no liquid) does not  appear 
as a major factor in the operational characteristics of the tanks 
tested 

3) The primary-difference in the characteristics of  the tanks 
with foil appears to be  related to  the foil  density  (weight of 
aluminum  material-ounces to  the tank capacity-gallons) 

4) The tanks with the foil  material  inserts  exhibited  a  higher 
vapor pressure than  the tanks with-out the foil  material  for the 
same elapsed test time. The issue to  be resolved is: Did all test 
have the same initial  conditions when t=O ? In order to correct f o r  
different  initial  conditions the data has been normalized a*- 
appropriate. Table 3 and Table 6 present  normalized test data based 
on  two different  mathematical  procedures.  It appears that the tanks 
with the foil inserts have the potential to exhibit a higher 
relative vapor pressure then  the tanks with-out the foil. The 
results indicate that the higher vapor pressure is  probably the 
result of  as  higher heat transfer rate into the propane l i q u i d  
resulting from the foil  inserts within the LPG cylinders. 



TEST DATA ANALYSIS 

Table  1  is  the basic upstream vapor pressure for each tank 
tested as a function of elapsed  time. The  tanks  are identified as: 

TANK # FOIL DENSITY  (OZ/GAL) 

5 
6 

(5+6) /2 

4.10 
4.71 
5.53 
6.32 
6.32 (different band 

no foil 
no foil 
no foil-average value 

width) 

Table  2  is  the basic upstream vapor  pressure  differences for 
each tank  tested  as compared to  the average upstream vapor pressure’ 
for the  tanks  with no foil  inserts. The  basic data indicates that 
the  tanks  with  the different foil densities  have  a higher tank 
vapor pressure  difference  than the tanks with-out the foil . The 
higher vapor  pressure within the  tanks  with  the foil inserts 
appears to be indicative of a  higher heat transfer  rate into the 
tanks from the surrounding conditions. The  vapor pressure 
differences  decrease  as  a function of the elapsed time and will 
probably approach  a steady state final differential vapor pressure. 
The  vapor  pressure difference ratio at t=l  minute divided by the 
vapor pressure  differences at t=31  minutes  for each tank tested is : 

TANK # 

1 
2 
3 - 4 
7 

RATIO: DELT P (t=l  minute) 
DELT P (t=31  minutes) 

5.10 
3.10 
3.80 
3.10 
2.70 (different band 

width) 

From the above data it appears  that the tanks  with  the higher 
foil density have  a lower vapor  pressure  difference ratio 
indicative of a  higher heat transfer  rate from the  ambient into the 
LPG  liquid. 



Table 3 is the vapor  pressure ratio defined as: the vapor 
pressure at t=i minutes to  the vapor pressure  at t=1 minute. In 
general, the overall  vapor  pressure ratio of the tanks with the 

pressure ratio as  the elapsed time increases as compared to the 
tanks with-out  foil. The vapor pressure ratio coefficient  is 

vapor pressure ratio at t=31 minutes for each of  the tanks tested 
are : 

- foil inserts appear to have the characteristics of a higher vapor 

c- defined as  the vapor pressure ratio at t=l minute divided  by the 

. 

TANK # 

1 
2 
3 
4 
7 

(5+6)/2 
5 

PRESSURE RATIO COEFFICIENTS 

3.36 
3.24 
3.39 
3.20 
3.20 (different  band 

width) 
" 

3.43 
3.56 

The lower value of the vapor pressure ratio coefficient for 
the  tanks with the foil  inserts is indicative of a lower vapor 
pressure ratio coefficient  slope, hence a higher  heat transfer rate 
for the  tanks with the foil  inserts as compared to  the tanks with- 
out the foil  material. 

Table 4 is defined as the pressure ratio  at time t=i minutes 
divided  by the average vapor pressure for the  two tanks tested 
with-out the foil  inserts.  Comparing the vapor pressure ratios 
indicate that the tanks with the foil  inserts have a higher vapor 
pressure ratios as compared to  the tanks with-out the foil  inserts. 
The  vapor pressure ratio coefficients is defined as  the vapor 
pressure ratio at t=l minute divided  by the pressure ratio at 
t=31 minutes we : 

TANK # PRESSURE RATIO COEFFICIENTS 

1.04 
.98 

1.02 
.96 
.94 (different  band 

width) 

The lower value  of the vapor pressure ratio coefficients fo r  
the  tanks with the higher  density  foil  inserts appears to indicate 
a higher. vapor pressure ratio as a function of the elapsed test 
time. 



z 

" 

Table  5 is  defined  at the  vapor pressure difference for a tank 
at time =i minutes minus the vapor pressure  at time = (i+2) minutes 
for a starting vapor pressure of approximately  79 psi. The data 
appears to indicate that the  tanks with  foil inserts have  a greater 
vapor pressure difference than  tanks with-out the foil (with the 
assumption that all tanks have the same initial vapor pressure, 
79  psi). Since  the downstream vapor pressure is regulated for the 
test  conditions therefore the difference in pressure from 
t=29  minutes  to  t=31 minutes under the test conditions are: 

TANK # PRESSURE DIFFERENCES 
(t=29-t=31) 

If all the test tanks have the  same final regulated steady 
state  vapor pressure than  the initial vapor pressure for the tanks 
with the foil insert  is  expected to be higher than the tanks with- 
out the foil. 

Table 6 is defined as  the initial vapor pressure at t=l minute 
ainus the vapor pressure at t=i minutes. The  test data indicates 
that  the  tanks with the foil has a greater vapor pressure 
difference  than  the  tanks with-out the foil  insert. If we assume 
that all the test  tanks have the  same final regulated steady state 
vapor pressure of  28  psi than  the expected  initial pressures (based 
on a  linear function) are: 

PRESSURE 
DELTA 
(t=l-t=3 1) 

VAPOR PRESSURE 

t = O  
INITIAL 

92.5 psi 
94.0 
98.5 
104.5 
101.0 (different band 

width) 
84.5 
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November 4,  1992 . "la-.- C". ..,. , , . . . , "  . . , , ?  I * . '  * 
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Mr. Ron Fenton e ' .  

SAFETYTECM CORPORATION 
1749 Gulf Road 
Sufte 500 * .  . 
Mt. Prospect, IL 60056 * 

Re: Propane Tank Tebtfng. ' )  I . .  , 

Packer Englntcrhg Piie No.: ''N51163 

Dear Mr. Fonton: 

Staff Engineer , 

(Intern Program) 
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